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PREDICTING TANK G(INNL RY pj~j :ØpJ~~ (’F

I NTRODUCT I ON

W h i l e  much m i l i t a r y  research e f fo r t  has been expended in t~~e
measurement of apt it udes and the determi nat ion of the rd at i onch I p be —
tween these measures and future (or concu r r en t )  performance on a myriad
of o ther  m i l i t a r y  tasks , relatively little concentrate~l work has been
done with Armor t a s k s .  Vast  changes have been propose~1 for Armor (Tank
Force ~anagement Group, 19Th) includ ing increased emphas is  on Armo r in
the combined arms , .i new fami l y  of more complex Armo r W Cf l~~Ofl sy s tc In ~~,
and expanded individua l perfo rmance requirements .  A more thorough know-
l edge of the ap t i t udes  and s k i l l s  p re requ i s i t e  to e f fe ct i v e  per formance
has become necessary for the proposed Armor se lec t  ion/ a s s ignmen t  systems .
The purpose of thi s research was to expand our know ledge of the relat ion —
ships between selected ap t i tudes  and tank gunnery performance . Three
sources of i n fo rma t ion  served as the pr im ary bases for t h i s  research:
i i )  Ka p lan ’s work w i t h  the Army P l i g h t  A p t i t u d e  Se lec t ion  i~a t t e r y - F A S T
(Kaplan , 1965); (2 )  Thom~is and Sternherg ’s recommendations for a se lec t ion
ba t t e ry  for Armor crewmen (Thomas and Ste rnb erg ,  1964); and ~3) recent
work in s k i l l/ a p t i t u d e  measurement and Armo r performance prediction
(Greenst ein  and Hughes , 1977 , and Hughes , 1976 a and h). This work drew
heavily on (3) and is best thought of as a continuation of the Greenstein/
Hughes effort .

Greenstein and Hughes tested trainees in Advanced Individu a l Ti’a ining ,
A rmor (A1Th) and IlL (Armor MOS) personnel u s i n g  instruments taken from
K aplan ’s FAS t and skills tests common to armor training , In analyz ing
their results they observed nunierous statistically sig nit ica nt individua l
relationships between aptitude or skill scores and several of the
ava ilable measures of Armor gunnery performance. In addition , Hughes
developed composite aptitude scores , based on a factor analysis of 10 of
the Instruments. These were used to predict Burst-on - Target (L~tJT) per-
formance (an important skill in tank gunnery) and yielded a si gin t’it’ant
positive mult iple correlation .

These research efforts provided st~ggest ive evidence of numerous
relationships between aptitude/sk ill measures and Armor gunnery pt’rt’or-
mance. Greensteln and Hughes suggested , howev er , that extensions of
their work were needed because of the limitat ion in the scope of their
initial efforts. Their predictors were often derived from the performance
of relatively small samples of nen . In additi on , they were tested against
pre-qualification gunnery performance due to the non. ivatl.ib i li t y of a
Tank Crew Qualificat i on Course (TCQC-Tank rable VI I I )  on Ft Knox at
the time they conducted their research. Fina l l y , severa l ostens ibly
important intermedt ite performance cr ten • ‘.u~h .i’~~;~t’r f~ rni,inc~’ on the
Field M i n i — T a n k  Range Complex ( FMTRC , it I 7— l.~—ci ) • were not ava ilab le
to them at Pt Knox .
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1
Fr om t hese prey i oi ls  e f f o r t s  , q u es t  ions arose regard i r ig whet  her

apt it ude—pe r for nh lnce  r e l at  iOnshi ps  observed for  ALT A t r a i n e e s  and Lt Knox
I iF  personnel were genera l i z a b l e  to .i large sample of gunners  a c t u a l l y
a s s igned  to d u t y  in an opera t iona l  Armo r TOGE u n i t  • and whether the
r e l a t i o n s h i p s  p rev ious ly  observed could be f r u i t f u l l y  extended to o ther
crewmen and other  s k i l l s  in such a u n i t .  Fu r the r  research in a TOI1L u n i t
could determine whe the r  the pars imony obta ined through t h e  use of com-
posite  scores by Hughes could be extended to pred ic t ion  of p erformance on
actua l m a in-gun  t ank  gunnery t ab l e s .  i t  would also provide the oppor-
t u n i t y  to gain i n s i g h t  i n t o  the potential for analogous prediction of
Tank Commander ’s performance by evaluating their aptitude test and composite
scores aga inst performance on Table V III.

Findings from this research may be useful in the development of
predict ive test batteries for gunner ’s and tank commander ’s perfor mance
and may indicate to what extent composite scores arc related to both
the actua l gunnery performance of gunners and tank commanders. Fur ther ,
the re la t ionship  between performance of in termedia te  t a s k s  (such as the
FMTRC ) and f ina l gunnery performance w i l l  be determined . That informa-
t ion  may indicate the u t i l i t y  of se lec t ing  or r e t a i n i n g  gunners or tank
commanders based on their performance on such intermediate tasks , an
info rma l practice in rela t ive ly  widespread usage.

Driver performance has thus far  not been ment toned because in the
past it has been seen as having relatively little impact on Tank Crew
Qualifica tion Course scores. Most engagements are fired from a designated
tank trail with the firing tank stationary . Nevertheless , emerging Armor
doctrine requiring tact ical driving and shoot -on- the-move t echn iques
places grea t emphas is on driver job performance. Wi th the introduc tion
of AOS (add-on-stab ilization) to the current line of M6OA 1 t anks  and the Ffielding of the new XM-l in the 1980’s, such techniques will most
likely be increasingly emphasized and evaluated on the Army ’s Tank Crew
Qualification Courses. Pilot research by Greenstein and Hughes (1977)
and Hughes (1976) has indicated some potential for pred icting driver
performance . This research , therefore) included a driver performance
ranking as a criterion of driver proficiency .

SPECIFIC OIIJECT 1VE

The specific objectives of this research were to eva luate the
relationship between gunner ’s and tank commander ’s: (1) scores on a
ser ies of potentially predictive paper-and-pencil tests and main-gun
Tank Table performance ; (2) intermediate tank gunnery train ing task
performance and main-gun Tank Table performance; (3) composite scores and
their performance on the main-gun Tank Tables; and (4) to evaluate the
relationship between aptitude test scores and driver performance as
measured by driver ’s rank ing within their platoon .
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METI IOD

SAMPLE

Subjects were the Tank Commanders (TCs),  Gunners ( G n r s) ,  and Dr ivers
(Dvrs ) in a TOE Armo r Bat ta l ion  undergoing annua l tank gunnery t r a i n i n g  and
qual ification . Data were collected on a total of 51 its , Gnrs , and Dvrs .

PRLX FL)URE AND VARIAEILES

The research was conducted in two phases. In the init ial phase ,
A R I  personnel administered six paper-and-pencil aptitude tests to the
TCs , Gnrs , and Dvrs under standard classroom conditions . The tests
inc l uded in the battery are listed in Table 1 (items 1-6). This
battery included tests designed to measure an individual ’s apt itude for
recognizing or memorizing complex visual patterns (Visua l Recognition
and V i s u a l Memory), discriminating the similarity or difference between
letter/number/symbo l patterns (Lateral Perception), determining locations
from visual cues presented in photographs (Locations) , exact ly perceiv ing
and reproducing a geometrical pattern (Patterns), and rap idly loca ti ng,
in succession , numbers presented in va rying sizes , locations and
orientations (Speed of Perception).

During the following three weeks the men were tested on a number of
skills tests comprising the intcrmediate gunnery criteria. Preparation
for and completion of these tests is routinely required during the initial
phases of annual tank gunnery training (see TC 17-12-5 and 17-12-6).
The skills tests administered to men in the two crew positions of Gnr
and TC are shawn in Table 1 (items 12-18), and are descr ibed below.

The Willey ROT t r a ine r  is a device which permits the evaluation of a
gunner ’s skill in correctly superimposing a simulated sight reticle on
a tank target outline using s imulated gunner ’s hand controls , and correc t ing
initial lay through feedback of information on first-round miss. The
device provides a high degree of fidelity. The mean lay time (for 12
exercises) and number of hits following applicatiom of the ROT technique
were the dependent variables of interest.

The Field Mini-Tank Range Complex (FMTRC) is a subcaliber tank
range utilizing .22 cal rifles mounted on the gun tube of standard M60
tanks. After the .22 cal rifle and tank sights have been properly adjusted ,
a gunner can practice firing on stationary and moving miniature targets
on a sand table. This provides realistic 801 experience and prac-
tice in tracking moving targets. All Gars received day and night

3
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Table 1

PREDICTOR VAR IALI LES

Tests for Uughes ’ Composite Scores Position Eva luated

1. PT 5088. Lateral Percept ion TC Gnr Dvr
2. PT 2852 (R), Locations Test TC Gnr DVr
3. PT 2788 (R), Patterns Test IC Gnr Dvr
4. PT 5087, Visua l Memory Tost-ARL IC Gnr Dvr
5. PT 5086, Speed of Perception-ARL TC Gnr Dvr
6. PT 5089, Visua l Recognition Test TC Gnr Dvr

Additional Paper-and-Pencil Tests

7. PT 3129, Mechanical Ability Test TC Gnr Dvr
8. PT 2853, Object Completion it Gnr Dvr
9. PT 4489, Attention to Detail IC Gnr Dvr

Hughes ’ Composite Scores .:‘

10. Unlabelled (Variables 2, 3, 4) IC Gnr
11. Unlabelled (VarIables 1 , 5, 6) IC Gnr

Intermediate Armor Gunnery Performance Measures

12. FMTRC3, percent hits on stationary targets Gnr
13. FMTRC, pergent hits on moving targets Gnr
14. Willey SOT , mean time of SOT Gnr
iS. Willey ROT , percent 1301 hits Gnr
16. TCGST C main-g un laying, mean time IC
17. TCGST, ranging on target , mean time IC
18. TCGST , ranging on target, mean error TC

Cri terion Variables

19. Tank Table V, percent 1st round hits Gnr
20. Tank Table V1Z1 , number successful stationary

precision engagements TC
21. Tank Table VIII , time on stationary precision

engagements IC
22. Tank Table VIII , number successful stationary

battl esight engagements Gnr
23. Tank Table V1II , t ime on stationary battlesight

engagements Gnr
24. Tank Table V I I I , total crew score TC Gnr
25. Driver’s rank ing Dvr

aFICid Min i-Tank Range Complex , IC 17-12-6
L I  icy flurst -on— ’rargct TrainerCrank Crow Gunnery S k i l l s  Test , IC 17-12-S
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I

training on FMTRC Tables I - I V , V I  and V i ! , accord ing  to TC 17- 12-6.
Also included was an addi t ional  20-round day moving target  Table ( V i l a )
following Table V II . Measurements used in this research were percent hits
on Table IV (stationary target) and V II (moving target) because thei~e were
free of warm-up effects and provided the most stable performance measures.

Tank commanders were evaluated on their performance in laying the
main-gun on a target , and their speed and accuracy in ranging. In all
types of main-gun engagements , the TC has the responsibility for
“gun-lay ing”, traversing the turret and orienting the main gun toward
the target so that his Gnr can identify the target in his vision blocks
and lay his sight reticle on the target in preparation for firing. In
“precision engagements”, which are used when engaging targets at a
distance (where accurracy is emphasized) , the TC is responsible for us ing
his coincidence range finder to determine range to the target . The TC
skills test variables were the mean time required to lay the main gun ,
the mean time to range on the target , and the mean ranging error. Twelve
gun-laying and ranging exercises were conducted for each TC at ranges
f rom 1124 in to 2514 in .

In the second phase of the research the Armor Ra t t a l ion  received
their normal main-gun and automatic weapons training (it 17-12-5) up to
and inc luding their f inal qualif ica ti on Tank Table V iii . The cr iterion
perfo rmance data on Table V (moving target, stationary tank) were collected
by the battalion while Table VIII (TCQC) data were collected in conjunc-
tion with the Division Tank Gunnery Assistance Team. Table V provided
hi t/miss data while Table VIII data included both overall Table VIII
scores and time/accuracy measures on individual engagements. Table
VIII inc luded a Day and Night phase , each with five two-round main gun
engagements and five machine gun engagements. Due to the relatively
few M OA1AOS tanks in the battalion , all main-g& n engagements were fired
with the firing tank stationary . In total , Table VIII included 4 prec ision
stationary-target engagements , 4 battlesight stationary-target engagements,
and two moving target engagements (one precision , one battlesight).

Performance criter ia used for tank commanders were performance
(tine to first round and success) on main-tank-gun precision engagements
against stationary targets (P-S engagements). Such engagements require
a great deal of IC involvement in terms of both his physical performance
requirements (gun laying and ranging) and supervisory responsibility.
Also used were Table VIII overall scores , which incorporated the sum of
all performance with main tank gun and machinegun engagements , because
the IC has complete supervisory responsibility over the tank crew .

Criteria used for Gnrs wore hit/miss on Table V (moving target)
engagements , success and time on main-tank-gun battlesight engagements
against stationary targets (BS-S engagements), and Table VIII scores.

5
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I
Table V scores were used as a measure of ab ilit y to ~i i t  mov ing  t a r g et s
b ecau se Table V provided a more s t ab le  measure (based on 10 two -round
engagements) than would Table V I I I , which had only two two-round moving -
target engagements. Battlosight engagements wore chosen bccausc these
are primarily a Cur ’s task and require a relatively small perfornance
contribution from the IC. On these engagements , a fixed r ang e  setting
is used; no TC ranging is required. Tabl e V II I  scores we re chos en because
the Cnr is involved in all major components of the total score .

The Dvr ’s cr iterion was the Dvr ’s ranking in the platoon (the
mean rank ass igned by the pla toon sergean t and platoon leader). All
criteria are shown in Table 1 (Items 19-25) .

During the time between the initial testing and the final testing - I
additional tests given by Greenstein and Hughes were found to he related
to gunnery performance. These tests , also shown in Table 1 (Items 7-9),
were administered immediately following Table V III. They included a
test of mechanical aptitude/achievement (Mechanical Abilities), ability
to detect a partially obscured outline (Object Completion) , and attention
to small details--discriminating “C’ s” in a row of “0’s” ~At tent ion toDetail).

RESULTS

Of the SI its in the battalion , complete aptitude test scores were
collected on 38 (75%) TCs who completed Table V III while complete skills
test scores were collected on 40 (78%) its who completed Table VIII.
Most losses occurred through reassignment; relatively few were due to
replacement because of inability to perform the job. For purposes of
statistical analyses , the attrition was considered to be random with
respec t to ability to perform . Thirty-eigh t (75%) o. the Gnrs in the
battalion completed all aptitude tests and Table V III ; usable firing
records for only one of these men were not available for Table V. Of
the 51 Gnrs , only 27 (53%) completed all skills tests and fired Table
V III. Some Gnrs were replaced due to reassignment , suspected inability
to perform as Gn r, or replacement by new higher-grade men entering the
companies. In addition , many who remained throughout the research were
not tested on all skills tests due to leave , il l ness , etc. Again , the
losses were treated as random occurrances. Finally, of the 5 1 dr ivers ,
29 (59%) completed all aptitude tests. Losses were considered random
here also .

The typical enlisted TC ~r~c1uded in the analysis was an E-5 with
4 years service while the typical officer TC was an 0-1 with 1 year of
service. The typical Gnr was an E-4 with 2 years service while the

6 ‘1
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i v p i ~- a l  i)vr a~ an l — .~ with 1 vc.i. of ~e~ vicc . \ i- a ;k /yei rs service
prof 1 e is inc 1 uded i ii F i gLI re 1 for nie ;i n each p~ 

-
~ it ion

t e th e  re I at i ye nexpericuce of t i e men in t lie bat t a i ion (as
compar ed to a t y p i c a l  FURSCOM l ) a t t a l i o n )  the unit performed very w e l l  on
Tabl e  VIII . Of the four Arm o r b a t t a l i o n s  in the div isio n , they were
the hi gh b a t t a l i o n . To facilit ate comparisons o1 this batt alion ’s
pertormance w i t h  t h a t  of o ther  b a t t ~ lions part ic ipat ing in t h i s  type of
r esearch in  the  future , se lected summary da ta  for  the battalion ’s firing
i s  proiided in  Appendix A. Means and standard d e v i a t i o n s  for Table V and
V I I I  engagements , as well as a complete i n t e r c o r r el a t i o n  m a t r i x , are
inc l uded for 37 of the  t a n k s  in the a n a l y s i s .

ft~ analyses of the data collected in this research were c~~ ducted
separat ely for men in each crew position with separate analyses for
aptitude and skills tests. Crew position data were analyzed separately
in order to predict performance for men in each position . The separate
skills and aptitude test analyses were conducted for statistical reasons.
Because many men wno took all aptitude tests did not tai~c’ all skills tests ,
and vice versa , the number of crewmen in each posit ion with complete
aptitud e and skills test scores (:0-25 per position), along with the
larger number of predictors (9 aptitude tests plus 4-5 skill s tests)
would have produced an untenably small predictor to subject ratio of
about 1:2.

The results are discussed in the following paragraphs. Results are
given for TCs first , then Gnrs , and finally i~vrs . ~itL in a crew position .
aptitude test analyses are presented first , then skills tests (for TCs
and Gnrs) and composite aptitude scores.

TANK C0~~IANDFR’S APTITUDES AND SKI LLS AS PREDICTORS

TC’s paper-and-pencil tests (tests #1-9, Table 1) were scored and
an intercorrelation matrix computed . Zero-order corre la t iois a n 1  the
multiple correlation were calculated for each of the three IC criteria:
number of successfu l precision engagements , time on precision engagements ,
and Table V III total score. Finally, the Wberry•-b~ olitt le test selection
technique (Garrett , 1953) was used to select the best subset of tests
with each criterion . The Wherry-Doolittie technique produces .1 “shrunken

• R” to account for the proportion of tests to subjects used in its
calculation. The zero-order correlations , multi ple correlations , and
Wherry-Doolittle selected tests and shrunken multiple correlation are
shown in Table 2. Most interesting were the relationships between
aptitude scores and success on P-S engagements. Not only was the multi p le
R significant but several of the zero-order correlations were also. A highly
significant positive relationship was found between Object Completion
scores and P-S success. In additioa , the Whorry-aoolittle shrunken R

~
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I
Table 2

11113 RI3 LATIONS 1IIPS BETWEEN TC’S ABILITY TEST SCORES AND
SELECTED MEASURES OF GUNNERY PERFORMANCE

Table VIII

Criterion: N Successful Time 0~a Total
Variable: P-S Engagements P-S Engagements Score

Locations +.17 +08 + 1 3
b b b

Speed of Perception -.06 +.19 - .21

Lateral Perception + .04 + .03 + .03 (
Visual Recogni tion ~~20

b - .11 _~ 02b

Visual Memory 4 .21 - .03 - .02

Object Completion +~49b~~~ ÷ .05

Patterns +.30* +.02 +.04

Mechanical Abilities +,3l
I
~* -.01 ~~26b

Attention to Detail +.l2 _ 1 7b + .26

N —  38 38 38
Multiple R .70** .33 .57

Wherry-Doolittle Shrunken R .56 .20 .42
(t ests) (4) (2) (4)

* p < .1O 2 tailed
** p < .OS 2 t ailed

**~ p < .01 2 tailed
a Signs reversed because time and error measures are such that high scores
b indicate poor performance .

Test selected by Wherry-Doolittle Technique .
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of . Sn , ba sed on (our t e s ts  — — Speed (11 Percept i on , V i su.i I ecogn t i ~nI cc l  Com p let on , and Median ica 1 Abil it ie s—— w arrants ott cut ion. A
plot of actua l P-S ML COMM V S .  expected P-S success , based on a r e g re s si o n
•% na lvsis of the Whorry—1 )oolittlo selected teSts , is shown i n F igur e .~~.

Thc same four tests , when used as predic tors of Table V III score , r id ded
s igin f i  cant R ‘f .49 (not shown in Table 2) and were se l cc t ~ d by the

hhcrrv -L)oo l i t t  Ic t echn ique  as the  best predictors of Table V Ill  pcr (ormonce.
The Wherry —I)oo little yielded a shrunken R of .42. A comp i etc m t  orcorre I a —  -:

t ion mat r ~ for a ll Instrument s • inc luding means and st an d a rd dcv  i at  on ’~ ,
is shown iii App end Ix It .

A n analogous procedure was used In the eva h i nt  ion of T~ ‘ sk i  1 1..
t c~it  scores .  The zero—order, m u l t  ip le . and Wherry—Ih1OI it tIe corre lot tons
ore shown in Table 3. On ly  two zero-order c o r r e l a t i o n s  are  n o t e w o r t h y , t h e
relationships between ranging time and total score (where the longer the
t m m e the  lower the score ) and betw een gun - laying t ime  and number of
successfu l PS engagements (where the longer the t ime , the fewer successfu l
engagement s) .  A comple te intercorrelation matrix for all ii’s sk i l l s
tests , incl udin g means and st and ard devi ati ons , is inc luded in Appendi x C.

Tabl e 3

11W RELAT IONSh IPS BETWEEN IC’S SKII.LS TEST SCORES ANI)
SELECTED MEASURE S OP 6UNN ERY PE RFORMAN CE

Tab le L I I

Criterion : Total H Successful
Va r iab le :  Score P-S Eng agements P-S Eng agement s

Gun l ay i n g Time a • .24 ~ • .37 ~~~~

R an g i n g  
a 

• .10 - .

Ranging Erro r ..0 7 • .08 • .Ol

N —  40 40 40

Mult i ple R .33 .39 .2n

Wherry-Doo li t t le  Shrunken R .28 .37 .23
( t e s t s )  (2 )  ( 1) ( 1)

~ p ’ . 10 2 ta i led
~~ p’.01 2 tailed
R Signs reversed because t ime and error measures are such that high scores

indicate poor performance.
Test selected by Wherry—Doolittle Technique .
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Figure 2. The Relat ionshi p between Actual Successfu l P rec i s ion  S t a t i o n a r y
Engagements and Expected Successful Engagemen ts Based on Tank
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GUNNUI ’S APTIT UDES ANI) SKILLS AS PREDICTORS

A l l  Gnr ’s paper-and-penci l  tes ts  were scored , and zero-order ,
m u l t i p l e , and Wher ry -Doo l i t t l e  cor re la t ions  computed w i t h  each c r i t e r i o n .
These resul ts  mire shown in Table 4.  S i g n i f i c a n t  c o r r e l a t i o n s  were found
between Visual  Recogni t ion  and Table V 1st round h i t s , a nd b etw een
Latera l Percep t ion/At ten t ion  to D e ta i l  and t ime  on b . i t t l e s i gh t  enga g ement s .
Moderate nega t ive  r e l a t ionsh ips  were found between Locations and bot h
Table V 1st round h i t s  and Table V I I I  to ta l  score. A complete inter-
corre l at ion ma t r ix  of Gnr ’s aptitude test scores , including me.ins and
s tandard deviat ions , is provided in Appendix 0.

Gunner ’s skills test scores were also evaluated in the same m anner .
The results are shown in Table S. A strong relationshi p was found between
number of hits on the s ta t ionary- target  FMTRC t ab le  and t i m e - t o - f i r e
on Table V III Battlesight engagements (the mor e h i t s , the more t im e  to
fire). This phenomenon is repeated in the moderate relat ionshi p
between number of Willey £101 hits and time to fire (the more BOT hits ,
the longer to fire). A moderate negative r e l a t i o n s h i p  was found
between TCGST and Table VIII score , and a significant positiv e relation
existed between Willey ROT time and success on ilattlesight engagements
(the faster on 1301, the more successful on Battlesight engagements).
Finally, the multiple R between skills tests and time on hatt lesi ght
engagements proved to be significant. A complete intercorrelation matrix
of Gnr ’s s k i l l s  test scores , wi th  means and standard deviations , is
included in Appendix E .

DRIVER ’S APTITUDES AS PREDICTORS

Fina l ly,  the zero-order correlations , as well as th e multiple R
and Wherry-Doolittle R , were calculated for the nine p p - ~~~l-poncil
tests with  the platoon sergeant-platoon leader mean r a n k i n g  of each
driver in their platoon as the criterion . These results are shown in
Table 6. Only one correlation was suggestive:  the re l at ionship  between
Lateral Perception and ranking was such that the higher the Latera l
Perception score the bettor the platoon sergeant and platoon leader
ranked the drivers on their ability to perform their job . A complete
intercorrelat ion matrix of a l l  Dvr ’s aptitude test scores , w i t h  means
and standard deviations , is included in Appendix F.

COMPOSITE SCORES AS PREDICTORS

Following h ughes (1976a ~ b ) ,  two composite scores were derived for
each TC and Gnr and entered into a multiple correlation to determine
the degree to which they were predictive of the crewmen ’s pr imary 

gunnery-



Table 4

THE RELATIONS HIPS BETWEEN GNR ’S ABILITY TEST SCOR ES AND
SELECTED MEASURES OF GUNNERY PERFORMANCE

Table V Table V I I I

Criterion: 1st Rd Total I Successfu l Time a

Variable: h u ts Score BS-S Engagements BS-S Engagements

Locations ~~31b~ .. 30b~ ~~~ ‘ .07
Speed of Perception + .13 + .09 - .01 - .09
Lateral Perception . 1 1b ~~17b 

- 
+ .06

Vi sua l Recognition + ,35b.~ - .02 - .00 - .03
Visual Memory + .06 - . 14b + .øi - .05
Obj ect completion ~~22b + .01 - .10 - .15
Patterns + .04 - .21 ~~~~~~~ + .16
Mechanical Abilities - .09 - .09 - .07 + .04
Attention to Detail “ .18 +10 - .01

N —  37 38 38 38

Multi ple R .57 .48 .16 .54
Wherry-Doolittle Shrunken R .47 .37 .10 .48

(tests) (4) (3) (1) (2)

* p < .l0 2 tailed
~~ p c .05 2 tailed

**~ p < .01 2 tailed
a Signs reversed because time and error measures are such that high scores
b indica te poor performance.

Test selected by Wherry-Doolittle Technique.

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 5

THE RELATIONSHIPS BETWEEN GNR ’S SKILLS TEST SCORES AND
SELECTED MEASURES OF GUNNERY PERFORMANCE

Table V Table V III

Criterion: 1st Rd Total # Successful Time
Variable: Hits Score BS Engagements BS Engagements

FMTRC Table VII (aoving) +.04 -.06

FMTRC Table IV (stationary) .14 -.30 _~44b~~

TCGST - 25b - . 33b~ - .01 - . 13b

Willey SOT timetm .01 + .04 + .3&’** .03
Wil ley BOT hits ,,18b 13b +.04 ~~~~~

N —  35 27 27 27

Multiple R .35 .42 .45 .6O~~
Wherry-Doolittle Shrunken R .29 .33 .38 .55

(tests) (2) (2) (1) (3)

* p < .10 2 tailed
** p < .05 2 tailed

a- Signs reversed because time and error measures are such that high scores

b indicate poor performance.Test selected by Wherry-Doolittle technique. 
-
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Table b

THE RELATIONSHIPS BETWEEN DVR ’S ABILITY TEST SCORES AND
DVR’S RANKINGS

Criterion: Mean Drive r Ranking
Variable:

Locat ions - . 16

Speed of Perception + .17

Lateral Perception ~~33a~

Visual Recognition + .lO

Visual Memory + .08
aObject Completion + .19
a

Patterns - .26

Mechanical Abilities + .21
aAttent ion to Detail -.10

N .  29

R —  .58

Wherry-Doolittle Shrunken R .44
(tests) (4)

• p ’.lO 2 tailed

Test selected by Wherry-Doolittle Technique .
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criteria. Two methods were used to compute composite scores , the  first
ba~cd on Hughes ’ 1976a, mind the second based on his revision , Hughes ,
1976b . In each case , raw test scores were converted into T-scorcs , the
1-scores multi plied by a weighting hasod on Hughes ’ factor analyses ,
and the products summed to yield composite scores. Computational
formulae are shown below:

Method 1
(after Hughes 1976a)

Composite score 1 • .271 x Visual Memory + .398 x Locations + .476 x
Patterns -

Composite score 2 - .197 x Lateral Perception + .464 x Visua l Recogni tion
• .386 x Speed of Perception

Method 2
(after Hughes 1976b)

Composite score 1 • 1 x Locations + 1 x Patterns

Composite score 2 - 1 x Lateral Perception + 1 x Visual Recognition
• 1 x Speed of Perception

The only differences between Methods 1 and 2 were unit weighting of
tests with Method 2 and the deletion of Visual Memory from Composite
Score 1 with Method 2. Because the methods yielded almost identicaL
results, only the results from Method 1 will be reported . These are
shown in Table 7 for the primary IC and Gnr criteria. The only relation-
ship approaching significance was between Gnr’s composite scores and
Table VIII total scores.

DISCUSSION

In this research, paper-and-pencil aptitude instruments and performance
on skills tests were used to predict tank gunnery performance and driver
rankings. There were four primary objectives , to determine the relation-
ships between IC’s and Gnr ’s gunnery performance and aptitude test —

scores, skills test scores, and aptitude composite scores, and to deter-
mine the relationship between Dvr’s aptitude test scores and Dvr rankings.
Data collected during the research addressed each of these objectives and
is discussed in the following paragraphs.

- 
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Table 7

TIlE RELATIONSHIP BETWEEN TC’S AND CNR’S COMPOSITE
SCORES AND MEASURES OP TANK GUNNERY

TCs (N*42)

Table VIII Table VII I
Total Number of successful

precision engagements

Composite score 1 +.15 •.25

Composite score 2 - .08 - .08

ft .24 .26

Gnrs (N— 35)

Table VIII Table VIII
Total Number of successful

battlesight engagements

Composite score 1 .33* +.14

Composite score 2 +.06 +.06

ft .36 .14

* p < .10 2 ta iled

17•
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Some success was ach icv cd  in p red ic t ing  t ank  gunnery performance
based on IC’ s ap t i t u d e  scores . H a l f  the  var iance  in the dependent
varia ble , Number of Successful Precision Engagements , was predicted .
This finding i s useful in that success on precision engagements is of
great importance In successful employment of Armor in both defensive and
offens ive roles , and in that performance on precision engagements accounts
far about h a l f  the var iance  in Total Table V III scores.

The best s i n g l e  predic tor  of Number of Successful  Prec is ion  Engage-
ments was the Object Completion test . This test was designed to determine
an individual’ s ability to detect partially obscured objects , and pre-
sumably is related to TC’s performance in target identification and
ranging. Other measures adding significantl y to overall prediction
(by Wherry-Doo l ittle standards) were Visual Recognition , Mechanical
Abilities , and Speed of Perception .

The sane four tests were selected by the Wherry-Doolittle as
predictors of Total Table V iii score , but the degree of prediction was
not as great and was of questionable s t a t i s t i c a l  si gnif icance . I f  the
total score analysis is though t of as a new , independent analysis , the
scores must be considered as only approaching significance: if it is
considered a follow-up to the precision-engagement analysis , the result
may be interpreted as significant (statistical interpretation is
dependent upon the total number of tests considered to be in the
battery-9 in the “independent” instance and 4 in the “follow-up” instance).
No statistically significant relationships were observed between IC’s
ability measures and t ime measures.

When IC ’s skill’ s test scores were evaluated , Number of Successful
Precision Engagements again could be predicted at better than a chance
level. IC’s gun laying time was a significant predictor. This may be
interpreted to indicate that TC’ s who can quickly and accurately lay on
their targets (the first behavioral requirement in precision engagements)
allow themselves and their crews more ample time to engage the targets
within the period allotted . Interestingly, however , neither ranging time
nor accuracy proved to be a significant predictor of performance.

IC’ s composite ability scores did not suggest any re la t ionship
to gunnery performance ; Hughes’ findings are therefore not supported
in this study wherein his suggestions were extended to TC’s in an
operational armor battalion.

While some of the criteria of Gnr’s performance were significantly
related to their ability test scores , the results were not as favorable
as with Its. Visual Recognition again proved to be a significant
predictor variable , but only for the Table V (moving target) criterion .

18
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Time spent on bat t  lesight engagements ~-;is s i n i i c: n t ly  re t t ( ’ ( l  t ( i  two
a b i l i t i e s  measures , Latera l Percc~ t l O f l  a d At t en t  io n  to Dct~ IL , h ut
n e i t h er  of these were s i g u L f i c a n t  ly r e l a t e d  to  the other depein~eiit
vari ables. The Loc ar ion ’ s test  was negat i v e l y  r~’l a t c d  to p e r f o r m a n c e
on 1)0th Table V ~nd Tab le  V I I I  , appro ach ing sign I icanc~ in endi case.
That r esu l t  w a r r a n t s  at  t e n t  ion in t h a t  the two dep endent  v a n  al .le
measures were completed on d i f f e r e n t  range s m d  ;it d i f f L ’r ent  t i ::;cs ,
separated  by about t h r ee  weeks.  O v e r a l l , while four  a ; t  ~tude t~’s t s
( l o c a t i ons , Latera l Percept ion • V isim , 1 Recognition , and At tent ion to

i 1) show pr omi Sc b r  p r e d i c t i ng  Gnr ’ s pertornmance , t he rc~; i i l t s  a re
clouded by t h e i r  d i f f e r i n g  r e l a t io n s h i p  to d i f f e r e n t  measures  of per-
fo rnian ce .

Gunner ’s sk ills test scores show the same pattern of si gnificant
predictors being related to different gunnery measures. The strongest
pr e d i c to r  was perfo rmance on the stationary - ’.ir get I MTRC table. The
r e l a t i o n s h i p  was such tha t  the  more h i t s  on the FMl’RC . the mo re tim e
spent on main-gun Table V I I I  battlesig ht engagements. One possible
i n t e r p r e t a t i o n  of t h i s  resul t  rests on the fact  t h a t  the FMTR C was not
t i m e d .  Sl ower , methodical  f i r i n g  may have  y ie l d ed  more t a r g e t  h i t s  on
F?’ITRC. The same response trait may then have been carried over to the
timed Table V I I I  where i t  was r e f l ec t e d  in s lower t i n ~es .  Thi S resu l t
would argue s t rongly  against  using FMTRC hit perfo i nance ~:is currently
evaluated) for gunner assignment , and suggest timi ng FMTRC engagements just
as in Table VIII.

The same conmient can be made about using the TCGST as an a s s i g n m e n t
device for Gnrs . •l’he negative re la t ion between ‘rccsT performance  and
Table  V I I I  scores speaks strongly against using the TCGST for selection
purposes. Another skills test also merits discussion . Wil ley BOT time
was s i g n i f i c a n t l y  related to b a t t l c s i g ht  engagement success .  The faster
the Gnr ’s in BOT , the more b a t t l e s i g h t  success tne v  ach iev ed .  The in-
t e r p r e t a t i o n  given the re l a t ionsh ip  between TC’ s g u n - l a y i n g  speed and
precision engagement success may be useil here . Perhaps the faster the
Gnr on BOT the more t ime he has to c a r e f u l l y  lay on and engage a target
on Tab le V I I I .

Because Gnr ’s composite ability scores showed only sli ght , marginally
significant relationships with Gnr ’s performance , the extension of
Hughes composites to an operational arnor battalion received only very
weak support .

Finally we may discuss Dvr ’s performance r a n k i n g s  and I)vr ’s a p ti t u d e
tests. Only Lateral Perception approached significance . i t  ~oiild appear
tha t  the ap t i tude  test  ba t te ry  may not be adequate for  )vr performance
predict ion and/or  Dvr performancc m a y b e  inade~1tnmtel y measured ~y the
pla toon ~eader-p1atoon sergeant ranking utilized in this study. A be-
hav io ra l l y -anchored  dependent variable for flvr performance woul d seem
to be required in further research on Dvr performance prediction.
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This research suggests the following aptitude and s k i l l s  measures
have potential for tank gunnery performance prediction:

PT 2853 Object Completion
PT 50S9 Visual Recognit ion
PT 5088 Lateral  Perception
PT 4489 At tent ion to Detai l
PT 3129 Mechanical Ab i l i ti e s
PT 5086 Speed of Perception

Gun-laying t ime - -

Willoy BUT time

These include the 4 paper-and-pencil tests chosen by the Wherry-Dool i t t le  
—

technique as predictors of Table V I I I  success on stat ionary precision
engagements (for TCs - Table 2), the 2 chosen as predictors of t ime
on stationary battlesight engagements (for Gnrs - Table 4), and the
only significant skills-test predictors of successful stationary
precision engagements (for TCs - Table 3) and successful stationary
battlesight engagements (for Gnrs - Table 5) .

The research was limited by the relatively small numbers of
TCs, Gnrs, and Dvrs in each analysis compared to the relatively large
number of predictor variables utilized--approaching a ratio as low as
1 to 3 in some instances. (ood research design , however , would demand
a minimum ratio of 1:10 (Kunce, Cook , and Williams , 1975). The results , p

therefore must be considered as preliminary. Research utilizing an
Armor division , with a minimum of S armor battalions and 150 available
TCs , Gnrs , and Dvrs is strongly suggested . Such research wou ld permit
an adequate predictor-subject ratio even with aptitude and sk i l l s
measures combined in the same analysis, rather than separate analyses
as in this research , and would provide more complete answers to questions
asked in this research.
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APPENDIX C TANK c . ~’.x~:~’s S~ II.LS TEST MEAN S, STANDARD DEVIATIONS , AND
INTERCOagLjL,~TIoN MATRIX

a 40

~4ean Gun Mean Ranging Mean Ranging
Laying Time Error Time

Mean Ranging Error .21

Mean Ranging Time .48 .09

Mean 2.45 sec 162.15 ft 3.60 sec

Standard Deviation .89 117.80 2.08 - 
--
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APPENDIX E GUNNER’S SKILLS TEST MEANS, STANDARD DEVIATIONS , AND
INTERC ORRE LATION MATRIX

N = 2 4

Wi lley SOT Willey SOT TCGST FMTRC IV PMTRC VII
Mean Engage- % Hits TC 17-12-5 % Hits % Hits

Wiley SOT -.09
I hits

TCGST -.26 .14
TC 17-12-5

FMTRC IV .32 .00 -.15% hits

FMTRC VII -.05 .30 29 .33
% hits

Mean 5.55 sec 80% 195 points 67% 59%

Standard 1.30 11 25.31 16 21
Deviation

— 
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